SUMMARY The generation of aerosols and the contamination of surfaces arising from the use of a number of special purpose centrifuges have been measured. Except when sealed containers were used all the equipment tested generated airborne particles and contaminated surrounding surfaces. The magnitude of this contamination was shown to be associated with several factors, and it could be considerably reduced by the use of sealed containers, and by fitting air filters. The significance of these findings and their application are discussed.
Efforts to speed up and to improve clinical laboratory procedures have led to the introduction of special purpose centrifuges designed either to eliminate tedious hand operations or to prepare "standard" preparations for processing in automated equipment. Examples include cell washing centrifuges used for carrying out Coombs' tests, centrifuges for preparing cytological specimens from body fluids and blood film spinners to prepare film for assessment by automatic image analysers. There is considerable evidence'-5 that the manipulation of fluids produces airborne particles. If the fluid being processed contains an infectious micro-organism there could be a hazard due to the aerosols in the laboratory.
Several special purpose centrifuges have been examined to assess the quantity of material produced as airborne particles and to measure surface contamination within and around the equipment. Material The equipment was assembled, tested and operated in accordance with the instruction manuals provided by the manufacturers.
The tests were done inside a suitably modified Porton Class III safety cabinet (volume 0 38 m3). The cabinet, fitted with HEPA filters on both the air inlet and outlet, was equipped with vacuum lines to external pumps for the operation of air sampling equipment inside the cabinet. Supplies of electric power, cell washing fluid and drainage for effluent from the equipment were provided by airtight connectors passing through the wall of the cabinet. The operator wore rubber gauntlets sealed to arm holes in the front of the cabinet. The general arrangement is shown in the Figure. When the air sampling equipment was in use this created a small negative pressure (50 to 100 Pa) in the cabinet relative to the room. The air inside the chamber could be purged between tests by means of an extract fan at a rate of 2 8 m3/min. The purging fan was also used to remove formaldehyde after decontamination.
Various sampling devices (see below) were used to collect any airborne particles generated during a test. In some tests settle plates were exposed around the equipment. Surface contamination was assessed by Arrangement These small background recoveries have been ignored in calculating the recoveries from samples collected during the tests.
Recoveries from air samples All the equipment tested generated aerosols ( Table 1) . The highest levels were found using a manual process with the Dade Immufuge. This procedure also generated the largest airborne particles (Table 2) , group.bmj.com on April 7, 2017 -Published by http://jcp.bmj.com/ Downloaded from and it is possible that the major part of the aerosol recovered in these tests was generated by the manual washing process rather than by the centrifuge. The effect of using more than the recommended volume of wash fluid was shown in tests with the Dupont/ Sorvall equipment (Table 1) . Although the saline delivery valve was always set to deliver 54 ml per wash cycle before each test, the actual volume delivered was found to vary between 54 ml and 65 ml. Whether this day-to-day variation in the volume of wash saline delivered was a function of the particular machine used is not known.
With two of the centrifuges, the Dupont Sorvall CW1/AF2 and the Becton Dickinson Spectra Ila, little aerosol was generated during the first centrifugation which took place when the inner walls and lid of the wash chamber were dry (Table 3 ). This suggests that the primary source of the aerosol was the generation of particles from the saline wash fluid thrown to the walls of the chamber, or on to the lid by the preceding wash cycle. With the Dade C7M the aerosol recoveries were at about the same level in each of the wash cycles-indicating that in this equipment the centrifugation process produced aerosols from the material contained in the tubes, or that the aerosol was generated by the injection of the washing saline into tubes held in the rotating head. Clearly there are many ways in which aerosols can be generated in complex equipment involving centrifugation and the injection and removal of liquid. Table 4 shows the recovery of airborne particles both in the air by slit samplers and on surfaces by settle plates. Because of the high degree of turbulence in the test chamber only the larger airborne particles would be likely to deposit on the settle plates. The results obtained show good agreement with estimates of the particle sizes made by cascade impactors (Table 2) . When the sealed containers were used no measurable airborne contamination (<0-001 nanolitres) was detected during centrifugation or the removal of the shield. On two out of three tests opening the sealed container did result in the liberation of airborne particles.
Slit sampler plates from tests with unsealed chambers yielding sufficient colonies to justify analysis (Table 7) show that about 94% of the airborne material recovered during the ten minute centrifugation cycle was generated within the first two minutes.
Surface contamination
The use of unsealed plastic chambers caused gross contamination of the rotor and the inner surfaces of the shield ( When sealed containers were used some contamination was found when swabs and settle plates were collected after the sealed containers were opened. Swabs collected before opening the sealed containers were uniformly negative for BG.
Although the slides, filter cards and test chambers were not sampled these are all potential sources of contamination. These items should be handled with great care to prevent contamination of the operator and the environment.
Blood Film Spinner (6) This centrifuge is part of the Abbott ADC 500, an automated system for the microscopical examination of stained blood films. Blood placed on a glass slide held on a platen is centrifuged rapidly with the object of leaving a thin uniform film on the slide; excess blood is thrown into a catchment bowl surrounding the platen. In the "Automatic" mode the length of spin is controlled by a light sensor, in the "Manual" mode the time of spinning can be varied between 0 3 and 2-5 seconds. A safety interlock prevents the spinner being operated unless the spring loaded lid is held down in the fully closed position. With the lid in this position a rubber gasket on the underside of the lid seals on to the metal rim of the spin chamber. It is assumed that the spin chamber is effectively sealed during spinning. At theend of the centrifugation cycle, indicated by a warning light, the spring loaded lid is released-it will only partially open and remains locked in this position for approximately 5 seconds before it can be fully opened. A warning light indicates when it is safe to do so. A fan extracts air from the rear of the spin chamber and discharges it through perforations in the base of the spinner. During the spinning cycle the air extract duct from the spin chamber is automatically closed. A small HEPA filter is fitted in a compartment between the spin chamber and the extract fan. The filter fitted to the equipment tested was stated to have the following characteristics: penetration of DOP < 0 * 03 %: pressure drop < 374
Pa at a flow rate of 0-5 m3/min.
To assess the maximum hazard from this type of equipment some tests were done with the HEPA filter removed. Both the Manual and Automatic modes were used to assess aerosol generation and surface contamination.
METHOD
After placing a clean slide on the platen 0 2 ml of human blood containing about 3 x 109 viable BG per ml was pipetted on to the centre of the slide by means of an Oxford pipettor. The apparatus was then operated in the appropriate mode, controlling the opening of the lid by use of the warning light.
Air samples were collected using cyclones and slit samplers, and swabs were assessed qualitatively. Settle plates were not used.
RESULTS

Control samples
Of 36 control air samples collected by slit samplers 33 were sterile and 3 samples yielded one colony per plate. Control cyclone samples collected before each day's tests were all sterile. None of the eight control swabs collected from surfaces before testing yielded any viable BG.
Recoveriesfrom air samples Aerosol recoveries for each test are shown in Table 9 . Airborne material was recovered from all the tests. When the equipment was operated without the air filter the volume of test fluid recovered in the air samples was similar to that found during cell washing in the Dade fmmufuge (see Table 1 ).
With the HEPA filter in place cyclone recoveries were about 5 % of those without the filter and these results were confirmed by the slit samplers. Why the airborne contamination was not reduced by a factor greater than that found could be due to several factors. First, the filter used may have leaked or the sealing of the filter in its chamber may not have been airtight. Secondly the act of pipetting blood on to the slide, although carried out very carefully, may have been responsible for some contamination of the air inside the test chamber. A third factor to be considered is the possibility of escape of airborne particles from the spin chamber due to either leakage round the lid sealing gasket, or to the abrupt opening of the spin chamber lid at the end of the spinning cycle. In tests with and without the filter in place the recoveries of airborne material measured with both the cyclone and the slit samplers were lowest when using the maximum spinning time (manual setting 10). No obvious explanation can be offered for this finding.
Surface contamination
The lid of the spin chamber and the interior of the filter chamber were heavily contaminated when sampled after processing six samples (Table 10 ). Some contamination at a much lower level was also found on the outer rim of the spin chamber and on the platform outside the spin chamber. Blood deposited on the plastic spin chamber liner dried and then flaked off as "crumbs." Some of these large particles of dried blood were found under the plastic liner, and when the filter was not in place were found in the filter chamber. These observations were made after processing six samples. If, as recommended, the plastic liner is only replaced after processing 50 samples larger quantities of dried blood could be present in the equipment. (Table 4) . Although the manufacturers of the Shandon-Southern Cytospin recommended maximum volumes for processing in unsealed and sealed containers, volumes in excess of these amounts were included in the tests as it is physically possible to use larger volumes than the recommended maxima. Using the unsealed containers the aerosol recoveries and surface contamination were directly related to the volume contained in the sample container (Tables 6 and 8 ). No aerosol was detected when using sealed containers irrespective of the volume processed.
The need to open sealed containers, such as those used in the Shandon-Southern Cytospin, inside a microbiological safety cabinet, as recommended in the Howie Code of Practice,8 is clearly shown in Table 6 . Although no aerosol was detected during centrifugation opening of the containers released aerosols into the environment.
In the tests with the cell washing centrifuges estimates were made of the size distribution of the airborne particles. Harper showed no detectable aerosol hazard arising from the use of an automated dilution dispensing system. However, both of these studies demonstrated contamination of surfaces by splashing. It was a recommendation of the Howie Committee that "assessment of the microbiological safety and suitability of new types ofequipment before they were introduced into laboratory and hospital work" should be included in the Howie Code'3. This recommendation was not implemented. Nevertheless, this paper and the work of Newsom and Matthews'2 demonstrate the need for this kind of assessment to assist those responsible for assessing safety, and for the drawing up of codes of practice for use in clinical laboratories. 
